Abstract-Disc brakes are widely used for regulating the speed of the vehicle by hindering the rotation of a wheel. During each braking cycle, disc brakes are subjected to high thermal loads due to the squeeze action between pad-disc pair. Material selection and design of a brake plays an important role in the dissipation of heat generated. The present work attempts to increase the surface area for maximum heat dissipation of a disc brake by introducing different patterns of holes, slots and groove combinations in the base design which is a plain disc. For analysis purpose, the geometrical parameters such as the outer and inner diameter of plain disc are fixed as 240 mm and 140 mm respectively with reference to the standard dimensions of disc brake used in Honda Unicorn bike. Thermo-structural analysis is carried out on the seven different geometric models of disc brakes with Carbon fiber reinforced silicon carbide material (C/SiC). Steady state temperature variations, transient structural deformations and Von Mises stresses were determined. A rotor with minimum deformation, low stress level in comparison with the existing designs were developed. The results show that the Model-3 with elongated holes at the outer surface has a relatively lower temperature which is about 49.3% lower as compared to base model indicating higher heat dissipation.
I. INTRODUCTION
Disc brakes are commonly used in modern bikes owing to higher stopping power compared to traditionally used drum brakes. The energy absorbed by the brake is dissipated in the form of heat to the surrounding atmosphere. The material used for disc brake should possess the properties like high coefficient of friction, high compressive strength, less wear, low weight and high thermal conductivity.The commonly used materials for a brake in automotive industry are cast iron, titanium alloys, aluminum Composite, C/C-SiC ceramic materials. "More than 2000 different materials and their variants are now used in commercial brake components" [1] . Heat dissipation from the brake disc is an important design aspect which has significant influence on thermal deformation in the disc brake. Shinde et al. [2] carried out structural and thermal analysis on two different cut patterns of disc brake of a two wheeler for maximum heat transfer rate using ANSYS Fluent and Workbench. Jadav et al. [3] optimized the disc brake of a motor cycle to reduce the cost and weight of the disc assembly. The authors also used the materials such as asbestos, semi metallic, metallic, low steel and carbon for disc brake pad and their performance was studied. Sushma et al. [4] carried out the thermal and Structural Analysis of disc Brake with square and circular grooves for two wheeler dealing with heat distributions. Structural and thermal studies were carried out to analyze the extreme cases of heat distributions in the brake systems. Numerical methods were used to predict the temperature behavior. Pravin et al. [5] carried out a structural and thermal analysis of a disc brake used in Bajaj pulsar bike by modifying the shape of the rotor disc. The material used for the disc brake was SUS M 410. The optimum shape of the rotor that resulted in less temperature variation, stress levels and deformation was determined and manufactured. Further thermal and vibrational analysis were done experimentally on the optimized disc brake. Manjunath et al. [6] carried out a coupled a thermal-structural analysis on solid and ventilated disc using ANSYS Workbench to determine the best possible design, material and rotor disc. The present work attempts to increase the surface area for maximum heat dissipation of a disc brake by introducing different patterns of holes, slots and groove combinations in the base design which is a plain disc.
II. MATERIAL SELECTION
The materials used in brakes should possess some combination of properties such as good compressive strength, higher friction coefficient, wear resistant, light weight and good thermal conductivity. The temperature storage capacity of the disc brake should be high so as to prevent cracking or distortion from thermal stress until the heat can be dissipated. The most commonly used material for automotive brake rotor include cast iron, Aluminium Metal Matrix Composite, Titanium alloys and their composites. In the present work, the disc brake is modelled with Carbon fibre reinforced silicon carbide material (C/SiC). The properties of C/SiC brake disc material are shown in table I. Brake discs based on C/C-SiC are extremely lightweight and show a structural resistance at temperature over 1000 °C. In combination with their low density, high thermal shock resistance and good abrasive resistance, these C/C-SiC composites are promising candidates for advanced friction systems [7] . 
III. MODELLING AND DESIGN CALCULATIONS
The present work attempts to increase the surface area for maximum heat dissipation of a disc brake by introducing different patterns of holes, slots and groove combinations in the base design which is a plain disc. For analysis purpose, the geometrical parameters such as the outer and inner diameter of plain disc are fixed as 240 mm and 140 mm respectively with reference to the standard dimensions of disc brake used in Honda Unicorn bike [8] . Disc brake with seven different geometric designs were modelled using CATIA V6 modelling software and analysis was carried out using ANSYS Workbench. Table II provides the dimensions of disc brake used Honda Unicorn bike [8] A. Design Calculations [9] The model of the disc brake shown in figure 1 was meshed using the hex-dominant meshing choosing tri/quad elements with majority of being the hex type. The number of elements in the computational domain is varied by varying the element size from 5 mm to 1 mm as shown in table III. The number of elements were found to vary from 3979 to 412978 and the corresponding values of Emax (Von-Mises stress) was noted to determine the optimal mesh. From table III, it is clear that the variation of Emax with further reduction in the element size beyond 2 mm has negligible variation in Emax of not more than 0.018 %. Hence, the element size of 2 mm is selected as the optimal mesh size and all the design modifications used further in the analysis are meshed with atleast 2 mm element size. 
V. MODELING
Wavy circumference of Model-1 increases the surface area. The slots are made parabolic to fit in the constrained space. The outer profile of Model-2 is designed as a sprocket that helps to reduce the unsprung weight. The holes reduce aquaplaning of the pads and are easy to produce. Model-3 is designed with a rotor that has mass removed from the low temperature zone which reduces the weight and helps in material reduction. Elongated holes of model 3 at the outer surface reduces aquaplaning and increases heat dissipation. Ribs in Model-4 are added to strength and stiffness of the inner part of the rotor where material has been removed. Triangles of Model-5 hold large loads without collapsing or 
A. Boundary Conditions For Structural Analysis:
Rotational speed, = 50 rad/s is applied on the disc brake. Pressure, P = 1.2 MPa is applied on both the sides of the pads, Fixed support is given to the inner surface of the holes in the disc brake rotor, which connects the wheel hub to the rotor.
B. Boundary Conditions For Thermal Analysis:
Heat flux of 0.157 W/mm2 is applied on the brake pad; Convective film coefficient of 300 e-6 W/mm2 K is applied on the rotor and the radiative heat is considered negligible on the disc and the pads [10] .
VII. ANALYSIS AND RESULTS
Steady state thermal analysis was carried out by applying the value of heat flux, for repeated breaking on different models of disc brake to study the temperature distribution along the disc. The analysis is initiated with Model-1 whose simulation results are used as reference to develop the modified design of Model-2. The temperature distribution of Model-2 is used as the basis for Model-3 and so on. A total of seven models are consider in the analysis as shown figure 2 and meshed view of the all the seven geometries of disc are shown in figure 3 . The higher temperature zones are identified and modification in the shape is made by increasing the surface area for heat dissipation through increased number of holes and grooves at higher temperature zones. Further the static structural analysis was carried out for these seven models. The deformation, stress, temperature distribution were determined as shown table IV. Figure 4a and 4b show the temperature distribution over the disc and total deformation of the disc brake respectively obtained from the static structural analysis for Model-3. Figure  4c gives the details of the Von-Mises stresses over the disc. The results obtained for temperature distribution, total deformation and Von-Mises stress are tabulated in table IV. It is observed that Model-3 has the least disc temperature with a corresponding stress value of 66.54 MPa. The reduction in the disc temperature for Model-3 is found to be about 49.3 % as compared to the base model leading to increased heat dissipation from the disc. Owing to lower disc temperature, the maximum stress induced in the disc for Model-3 is found to be about 37.7% lower as compared to the base model. Model-6 has a relatively higher disc temperature relative to the various modified designs owing to poor heat dissipation from the disc. The deformation in the disc is found to be negligibly small for all the models considered in the analysis which is far less than the permissible deformation of 0.5 mm [11] . Further transient structural analysis is carried out on the disc brake Model-3 to determine the maximum stress that is developed in transient mode. Table V gives the details of input data used in structural transient analysis. The results of transient structural analysis are shown in table VI which shows that the maximum stress developed is about 75 MPa which is far lower as compared to the base model. The temperature on the disc brake for all the design are shown in figure 5. 
VIII. CONCLUSIONS
 It is observed that Model-3 has the least disc temperature of 356.07 K with a corresponding maximum stress value of 66.54 MPa.
 The disc temperature for Model-3 is found to be about 49.3% lower as compared to the base model indicating higher heat dissipation.
 The results of transient structural analysis shows that the maximum stress developed is about 75 MPa which is far lower as compared to that for the base model.
 Model-6 has a relatively higher disc temperature relative to the various modified designs owing to poor heat dissipation from the disc. 
